Introduction
Red deer (Cervus elaphus) are normally regarded as short-day breeders because the peak of mating activity occurs in the autumn (Lincoln, 1971) . Annual cycles of antler growth and replacement are closely allied with the annual cycles of reproduction and both are synchronized with cyclic changes in photoperiod (Lincoln, 1971; Lincoln & Kay, 1979; Suttie et al, 1984b; Fennessy & Suttie, 1985) . Plasma concentrations of testosterone are very low when the hard antlers are cast in the spring and they remain low during the subsequent velvet antler growth which begins immediately after casting. The concentrations rise to high levels when the antlers become clean of velvet in late summer. Peak plasma testosterone values are reached during the autumn rut (intense breeding activity) and thereafter they fall during the winter until antler casting in spring.
Although it has been known for some time that the antler cycle can be manipulated by artificial changes in daylength (Goss, 1969; Simpson et al, 1983/4) , the endocrine changes associated with this photoperiodic manipulation have been little studied. Therefore, the aim of the present study was to investigate changes in luteinizing hormone (LH) and testosterone in red deer stags which were subject to 4 light:dark cycles over a 16-month period and which consequently grew 4 sets of antlers during that time, to determine whether changes in the secretory pattern of these hormones could be associated with the timing of the antler cycle. The LH and the testosterone responses to gonadotrophin-releasing hormone (GnRH) were used as an indicator of endocrine status of the stags. Voluntary food intake, testicular development and antler data have already been published from the present study (Suttie et al, 1984a ). This effect is minimized by keeping the deer under anaesthesia for as short a time as possible. Previous research with deer involving more frequent blood sampling regimens has indicated that peak LH occurs 10-15 min after a challenge with GnRH and peak testosterone 60-75 min after (Suttie et al., 1984b Barrell & Lapwood (1978/9) . The assay was validated for cervine plasma (Fennessy et al., 1988) . The antiserum used was anti-ovine LH (GDN No. 15 from Dr G. D. Niswender, Colorado State University, CO, USA), the labelled ligand was LER 1347A and the standard was NIH-LH-S 18 (NIH, Bethesda, MD, USA). The inter-and intra-assay coefficients of variation were determined from 3 pools of plasma assayed between and within all assays. Inter-assay values were 11-4, 9-6 and 14-8% for pools of (mean + s.d.) 4-21 ± 0-48, 2-49 + 0-24 and 044 ± 0-07 ng/ml respectively. The intra-assay coefficients of variation were 6-1, 4-6 and 8-2%. The assay sensitivity was 008 ng/ml.
Testosterone concentration was measured using the method of Smith & Hafs (1973) as modified by Wilson & Lapwood (1979) testosterone (T-1500: Sigma). The inter-assay coefficients of variation were 8-8, 11-6 and 23-3% for pools containing 5-51 + 048, 2-59 + 0-30 and 0-72 + 017 ng/ml respectively. Intra-assay sensitivity coefficients of variation were 6-2, 9-6 and 24-3% respectively. The sensitivity of the assay was 0-1 ng/ml.
Biometrie analysis. 
Results
The mean LH and testosterone concentrations for the samples taken immediately before the GnRH challenge (i.e. the basal levels) are presented in Fig. 1(a) . The cyclic pattern of the change in concentrations which is particularly clear for testosterone, is evidence of a cyclic change in endogenous activity in response to the 4 periods of alternating short and long days. The basal LH concentration increased towards the end of the long-day phase and reached a peak during the early-mid short days. The basal testosterone lagged behind the LH, increasing through the short-day phase to reach a maximum during the late short days or early long-day phase.
Mean LH and testosterone responses after GnRH challenges throughout the study are presented in Fig. 1(b (Rollag & Niswender, 1976) , is known to stimulate the onset of gonadal activity via GnRH secretion and hence LH in stags (Lincoln et al, 1984) . It (Suttie et al, 1984b) . The maximal LH responses appeared to decline as the study progressed. This may reflect real changes in the pituitary responsiveness but may also have been due to a relative decline in the dose of GnRH being used as the stags gained bodyweight through the study. There was some evidence that the responsiveness of LH to GnRH had begun to fall before the end of periods of short days (cycles 1 and 2). This may have been due to refractoriness to stimu¬ lation, increasing negative feedback from LH-induced testosterone secretion, or a combination of both. Certainly with the basal samples (Fig. la) (Gillet, 1904; Bedford, 1951; Petzsch, 1959; McEwan, 1968; Suttie & Kay, 1985) , suggesting that the stag must have experienced two reproductive cycles. In addition, Goss (1976) found that sika deer (C. nippon) kept on an artificial photoperiod in which daylength decreased or increased by 2 h every 4 months cast and regrew their antlers each time the photoperiod changed, irrespective of the direction of change. If it is assumed that a full cycle of antler development is an indicator of a cycle of reproductive development, then it is clear that the deer in Goss's (1969) (Lincoln, 1977) . In some rare cases referred to above this results in full gonadal and antler development.
